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(57) ABSTRACT

The present disclosure concerns devices and methods for
resistance welding sandwich sheets to other components.
Many sandwich sheets include a thermoplastic material
layer disposed between two metallic cover layers. The
sandwich sheet and the other component may be secured

relative to one another by a clamping arrangement. A region
of the sandwich sheet to be welded may be heated by a
preheating current to soiten and displace the thermoplastic
material layer when the cover layers are pressed together.
With respect to the preheating current, a first electrode
arrangement may at least temporarily contact an electrically
conductive contacting region of the clamping arrangement
such that the preheating current can flow via the clamping
arrangement. The cover layers may be welded to the other
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component with a welding current via the first welding
clectrode of the first electrode arrangement and a second
welding electrode of a second electrode arrangement.
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METHOD AND DEVICE FOR THE
RESISTANCE WELDING OF SANDWICH
SHEETS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to prior-filed German
Patent Application No. DE 10 2015 104 635.0 filed Mar. 26,
20135, the entire contents of which are hereby incorporated
by reference herein.

FIELD

The present disclosure relates to methods for resistance
welding sandwich sheets to other components.

BACKGROUND

The use of sandwich sheets having a thermoplastic mate-
rial layer between two thin metallic cover layers 1s advan-
tageous for the realization of lightweight structural concepts
in the automotive sector, because with the use of such sheets
the weight saving potentials 1n automobile construction can
be further increased. Sandwich sheets can provide various
advantageous, often mutually exclusive characteristics,
which yield new weight saving potentials. For example,
owing to the plastics layer, sandwich sheets have a consid-
erably lower weight than solid sheets, and simultaneously
provide high strength values. Furthermore, sandwich sheets
have a sound-damping action and offer high rigidity.

A problem with the use of sandwich sheets, however, 1s
that they have an electrically msulating plastics layer that
gives rise to problems during welding processes with regard
to the formation of a flawless welded connection. As a result,
the 1ntegration of sandwich sheets into existing metal con-
structions has proven to be a problem. Owing to the lack of
suitability of sandwich sheets for welding, for example for
resistance welding or resistance spot welding, to other
metallic components, sandwich sheets are therefore com-
monly adhesively bonded or mechanically joined to one
another.

Nevertheless, to permit welding of sandwich sheets, Ger-
man Patent Application No. DE 10 2011 109 708 Al
discloses a method for the joining of a sandwich sheet to a
turther metallic component. According to that method, the
intermediate layer 1s melted 1n the connecting region and 1s
displaced out of the connecting region, such that a welded
connection can subsequently be produced by production of
clectrical contact between the component and the cover
layers of the sandwich sheet. It 1s proposed that the heating
of the jomning regions be performed by temperature-con-
trolled electrodes or pressing elements. The welding elec-
trodes or pressing elements are, for this purpose, equipped
for example with heating elements that are actuated sepa-
rately by way of a regulator. The construction of the welding
clectrodes 1s thus relatively complex, because modifications
to the welding electrode body and to the welding electrode
cap are necessary. Furthermore, the rate of heating of the
thermoplastic material layer needs to be increased 1n order
to achieve the shortest possible cycle times.

U.S. Pat. No. 4,650,951 describes a method 1n which two
sandwich sheets are connected by way of a remotely situated
bypass circuit, such that a current can flow via said bypass
circuit for heating purposes, and the sheets can subsequently
be welded. This, however, leads to problems 1n the case of
very lightweight sheets because, for example, the thin cover
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2

layers of the sandwich sheets can delaminate. Therefore, a
method for the resistance welding of two composite sheets
1s proposed, which method uses two welding electrodes
which are heated by heating elements arranged around the
welding electrodes and which thus, before the welding
process 1tsell begins, warm up and displace the plastics layer
situated between the cover layers. This, too, results 1n a
modification of the welding electrodes.

German Patent No. DE 548 002 C discloses a method 1n
which a clamp device situated remote from the welding
clectrode 1s used to bypass msulating lacquer, paper, or scale
layers of the sheets to be welded and 1n order to burn off the
insulating layers, such that welding 1s made possible. This,
however, can lead to damage and delamination of the
sandwich sheets. Furthermore, the welding result may be
dependent on positioming of the clamp device, which leads
to non-uniform welding processes.

Accordingly, there 1s a need for methods and devices for
performing resistance welding sandwich sheets simply, reli-
ably, and with short cycle times.

BRIEF DESCRIPTION OF THE FIGURES

FIGS. 1a-c are schematic sectional views of an example
device for performing an example method.

FIG. 2 1s a perspective view of a clamping arrangement of
FIG. 1.

FIGS. 3a-c are schematic sectional views of an example
device for performing another example method.

FIG. 4 1s a perspective view of a clamping arrangement of
FIG. 3.

FIGS. 3a-c are schematic sectional views of an example
device for performing still another example method.

FIG. 6 1s a perspective view of a clamping arrangement of
FIG. 5.

FIGS. 7a-c are schematic sectional views of an example
device for performing yet another example method.

FIG. 8 1s a partial plan view of the clamping arrangement

from FIG. 7.

DETAILED DESCRIPTION

The present disclosure generally relates to methods for
resistance welding sandwich sheet to other components,
such as metallic components. In some examples, the sand-
wich sheet may have two metallic cover layers and a
thermoplastic maternial layer disposed between the metallic
cover layers. A region of the sandwich sheet to be welded
may be heated by way of a preheating current such that the
thermoplastic material layer softens and 1s displaced out of
the welding region as a result of the cover layers being
pressed together. Further, the cover layers may be welded to
another component by way of a welding current via a first
welding electrode of a first electrode arrangement and a
second welding electrode of a second electrode arrange-
ment.

The present disclosure also generally relates to devices
that perform resistance welding of sandwich sheets, which
may have two metallic cover layers and a thermoplastic
material layer arranged between said metallic cover layers,
to other components such as metallic components. Some of
the example devices may comprise a first electrode arrange-
ment with a first welding electrode and a second electrode
arrangement with a second welding electrode, means for
providing a welding current at least via the first welding
clectrode and the second welding electrode to produce a
welded connection, and means for providing a preheating
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current such that a region of the sandwich sheet to be welded
1s heated such that the thermoplastic material layer softens
and 1s displaced from the welding region when the cover
layers are pressed together.

That said, some example methods may involve fixing the
sandwich sheet and the further component fixed relative to
one another by way of a clamping arrangement. The {first
clectrode arrangement may at least temporarily make con-
tact with an electrically conductive contacting region of the
clamping arrangement such that a preheating current can
flow via the clamping arrangement and that region of the
sandwich sheet to be welded 1s heated by way of the
preheating current.

Because the first electrode arrangement makes contact
with the clamping arrangement, 1t 1s possible for a preheat-
ing current to flow from the first electrode arrangement via
the clamping arrangement for example to the further com-
ponent and to the second electrode arrangement. As a result,
the preheating current can flow, bypassing the sandwich
sheet, via the further component in the region to be welded.
In this way, by way of the preheating current, the required
current flow 1n the region of the region to be welded can be
achieved without provoking delamination of the sandwich
sheet, thus increasing process reliability. The heating of the
region to be welded 1s 1n this case realized by way of the
electrical resistance of the components and the transition
resistance between the individual components, for example
between the further component and the second welding
clectrode. Since the clamping arrangement simultaneously
serves for the positioning of the components, said clamping
arrangement can be utilized in an advantageous manner
because no further component serving exclusively as a
current bridge needs to be provided. Rather, the clamping
arrangement simultaneously serves as a current bridge. This
can sumplity and accelerate the method. Finally, no modi-
fication of the welding electrode, for example 1n the form of
heating devices, 1s necessary, which further simplifies the
method. Such methods are easy to implement, are reliable,
and enable short cycle times.

The clamping arrangement may, for example, comprise a
clamp or a bracing means. For example, the clamping
arrangement comprises a first and a second clamping arm
that makes contact with the sandwich sheet and with the
component respectively. The clamping arrangement may for
example engage around the sandwich sheet and the further
component. For example, the clamping arrangement has a
closing mechanism that permits manual or automatic closure
of the clamping arrangement. At least one clamping arrange-
ment 1s provided. It 1s for example also possible for multiple
clamping arrangements to be provided. For example, the
clamping arrangement fixes the sandwich sheet and the
turther component only 1n regions or in parts, such that a
restricted movement of the components relative to one
another remains possible. To conduct the preheating current,
the clamping arrangement 1s, for example, produced from
clectrically conductive material, or at least has electrically
conductive regions.

The first electrode arrangement 1s, for example, arranged
on the side of the sandwich sheet. The second electrode
arrangement 1s for example arranged opposite the first
clectrode arrangement on that side of the further component
that 1s averted from the sandwich sheet. For example, the
welding electrodes may be set down onto the sandwich sheet
or onto the component 1n the conventional manner such that,
in the process, the first electrode arrangement automatically
makes contact with the contacting region of the clamping
arrangement.
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The first welding electrode of the first electrode arrange-
ment comprises, for example, a preferably elongate sleeve
body and an electrode cap for making contact for example
with the sandwich sheet. It 1s likewise possible for the
second welding electrode of the second electrode arrange-
ment to comprise, for example, a preferably elongate sleeve
body and an electrode cap for making contact for example
with the further component. The first and the second elec-
trode arrangement may however also comprise further ele-
ments. Alternatively, the first and second electrode arrange-
ment may also be composed of the first and second welding
clectrode.

For example, means are provided for exerting force on the
welding electrodes, which means can exert a welding force
in the direction of the components to be welded. For
example, welding tongs are provided. Said means may
simultaneously serve for the displacement of the thermo-
plastic material layer by way of the welding electrodes.

The further component 1s for example a sheet, preferably
a solid sheet. For example, the further component 1s a steel
sheet. The further component 1s to be understood to be at
least one turther component. Further components may addi-
tionally be provided, which are likewise connected in the
welding process. The component may also be a sandwich
sheet.

The contacting region 1s for example a contacting face of
a contact element. The contact between the contacting
region of the clamping arrangement and the first electrode
arrangement 1s established for example at least during the
preheating by way of the preheating current. It 1s optionally
also possible for the contacting to be realized during the
welding by way of the welding current.

In one refinement of the method according to the present
disclosure, i1 the clamping arrangement makes electrically
conductive contact with the further component on the side
averted from the sandwich sheet, electrical contact between
the clamping arrangement and the further component i1s
achieved simply by fastening of the clamping arrangement,
and the flow of the preheating current 1s made possible.

In a further refinement of the method according to the
present disclosure, the clamping arrangement makes elec-
trically conductive contact or electrically insulated contact
with the sandwich sheet on the side averted from the further
component. In the case of electrically conductive contact, 1t
1s for example possible for the first welding electrode to be
connected 1n electrically conductive fashion to the sandwich
sheet by way of the clamping arrangement, and for there to
be no need for any direct contact between the welding
clectrode and sandwich sheet. In the case of electrically
insulated contact between the clamping arrangement and the
sandwich sheet, 1t 1s possible, for example during the
preheating, for undesired branch currents via the sandwich
sheet to be prevented.

In another example of the present disclosure, the sand-
wich sheet and the further component may be fixed relative
to one another by way of multiple clamping arrangements
simultaneously, wherein the first electrode arrangement for
producing the respective welded connection makes contact
with 1n each case one clamping arrangement via the respec-
tive electrically conductive contacting region, such that the
respective region, which 1s to be welded, of the sandwich
sheet 1s heated by way of the preheating current flowing via
the respective clamping arrangement. In this way, the sand-
wich sheet and the further component can be fixed relative
to one another mitially by way of multiple clamping
arrangements. Subsequently, the welding electrodes can be
moved efliciently from clamping arrangement to clamping
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arrangement and weld 1n each case one region to be welded,
without further clamping arrangements having to be posi-
tioned 1n the process.

In a further refinement of the method according to the
present disclosure, the clamping arrangement 1s selected
from a stock of clamping arrangements, and 1s positioned on
the sandwich sheet and on the further component by a
positioning system. In this way, the method can achieve
short cycle times and high process reliability. The stock may
for example comprise at least partially 1dentical and/or at
least partially different clamping arrangements. For
example, a magazine of clamping arrangements 1s provided.
For example, the positioning system comprises a robot arm
that positions the clamping arrangement. This may, for
example, be performed fully automatically, for example in a
manner dependent on predetermined values and/or 1n a
manner dependent on process parameters.

In a further refinement of the method according to the
present disclosure, the second welding electrode, in particu-
lar an electrode cap of the second welding electrode, makes
direct contact with the further component. For this purpose,
the clamping arrangement 1s, in the region that makes
contact with the further component, designed for example
such that the second electrode can make contact with the
turther component despite fixing of the components by way
of the clamping arrangement. For example, a corresponding
recess 1s provided in that region of the clamping arrange-
ment which makes contact with the further component. It 1s
thus possible for the second welding electrode to be placed
in contact with the further component for welding purposes
in the conventional manner. In this way, the welding process
on the side of the further component 1s not influenced, or 1s
influenced only to a minor extent, by a clamping device
arranged between the further component and the second
welding electrode. In particular, this 1s possible whilst the
first electrode arrangement 1s 1n contact with the electrically
conductive contacting region of the clamping arrangement.

In a further refinement of the method according to the
present disclosure, the welding current for the welding of the
cover layers to the further component tlows between the first
welding electrode and the second welding electrode 1n such
a way as to bypass the clamping arrangement. In particular,
the first welding electrode may make direct contact with the
sandwich sheet, and the second welding electrode may make
direct contact with the further component, such that the
clamping arrangement 1s not part of the electrical circuit for
the welding current. In thus way, the welding 1s performed in
the conventional manner directly by way of the welding
clectrodes, such that a possibly cumbersome adaptation of
process parameters can be avoided.

In a further refinement of the method according to the
present disclosure, the electrically conductive contacting,
region of the clamping arrangement 1s arranged between the
first welding electrode and the sandwich sheet, and the first
welding electrode, 1n particular an electrode cap of the first
welding electrode, makes contact with the electrically con-
ductive contacting region of the clamping arrangement.
Here, the electrically conductive contacting region may have
different geometries or be composed ol materials with
different electrical conductivity. For example, the contacting
region may be in the form of an electrode cap, and may serve
for example as the electrode cap of the first welding elec-
trode. In this way, at least partially indirect welding via the
clamping arrangement 1s realized. As a result, 1t 1s thus
possible for an adaptation of the welding process to diflerent
regions of the components to be realized by way of the
design of the contacting region of the clamping arrange-
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ment. For example, if multiple clamping arrangements are
provided, the contacting regions can be designed differently
from welding region to welding region.

In a further refinement of the method according to the
present disclosure, the electrically conductive contacting
region of the clamping device i1s 1n the form of a sliding
contact which makes lateral contact with the first electrode
arrangement, 1n particular with the first welding electrode. It
1s achieved 1n this way that the first welding electrode can
make contact with the sandwich sheet in the conventional
manner, and the contacting of the clamping arrangement can
be realized in a secondary manner via the side of the
clectrode arrangement. Lateral contacting may be realized
for example by way of contacting of the sleeve body of the
first welding electrode. For this purpose, it may be necessary
for the first electrode arrangement to be pressed against the
clectrically conductive contacting region or vice versa. This
may be realized with a force transversely with respect to the
welding force to which the first welding electrode 1s sub-
jected during the preheating or during the welding. During
the movement of the welding electrode 1n the direction of the
welding force that 1s exerted on it, the welding electrode
may for example slide by way of its sleeve body along the
sliding contact.

The electrically conductive contacting region of the
clamping arrangement 1s preferably provided by a contact
clement of elastic design. The clamping arrangement pret-
erably comprises a damping system which can absorb the
force exerted on the clamping arrangement by the first
clectrode arrangement during the lateral exertion of contact
pressure.

In a further refinement of the method according to the
present disclosure, the first electrode arrangement comprises
a set-down electrode which i1s connected in electrically
conductive fashion to the first welding electrode and which
makes contact with the electrically conductive contacting
region of the clamping arrangement. In this way, the region
to be welded and the region fixed by way of the clamping
arrangement can be arranged relative to one another in a
particularly flexible manner because the additional set-down
clectrode permits contacting of the clamping arrangement at
a location remote from the first welding electrode.

In a further refinement of the method according to the
present disclosure, the electrically conductive contacting
region of the clamping arrangement 1s mounted movably, in
particular by way of an elastic counterbearing, 1n the clamp-
ing arrangement. This may serve for the compensation of
eccentric 1mtroductions of force by the set-down electrode
into the clamping arrangement, such that, for example,
compensation of the force of a set-down electrode that 1s not
making planar contact can be realized. The counterbearing 1s
for example electrically non-conductive. For example, a
bypass element may be provided which produces electrically
conductive contact between the contacting region and the
rest of the clamping arrangement. Alternatively or i addi-
tion, 1t 1s likewise possible for the set-down electrode to be
mounted 1n movable, in particular resilient fashion.

In a further refinement of the method according to the
present disclosure, the welding electrode of the first elec-
trode arrangement makes contact in positively locking fash-
ion with the electrically conductive contacting region of the
clamping device. In this way, 1t 1s possible to realize a large
region ol contact between the first electrode arrangement
and the contacting region. For example, a contact element
having a recess for the electrode cap of the first welding
clectrode 1s provided, such that the first welding electrode
can make contact both with the contact element and with the
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sandwich sheet. Here, the geometry 1s, for example, config-
ured such that the first welding electrode, as 1t moves 1nto the
recess, can establish contact with the contact element. For
example, the electrode cap of the first welding electrode has
an oversize 1n relation to the recess. For example, as contact
clement, use 1s made of contacting bands provided with a
recess.

According to another example, the object mentioned 1n
the introduction 1s achieved, 1n the case of a generic device,
in that a clamping arrangement for the relative fixing of the
sandwich sheet and of the further component 1s provided,
wherein the clamping arrangement has an electrically con-
ductive contacting region for the at least temporary contact-
ing of the first electrode arrangement, and wherein the
clamping arrangement 1s designed for conducting the pre-
heating current. As already discussed with regard to the
method, by virtue of the fact that the clamping arrangement
can make contact with the clamping arrangement by way of
the first electrode arrangement, and the clamping arrange-
ment simultaneously serves as a current bridge, the end
result 1s that a device 1s provided which 1s easy to realize and
which makes 1t possible to implement a method which 1s
reliable 1 terms of a process and which can achieve short
cycle times.

Those having ordinary skill 1n the art will understand that
example devices may 1n some cases be designed to perform
some of the example methods set forth herein, or advanta-
geous refinements thereof.

The device preterably comprises means for displacing the
plastics layer of the sandwich sheet out of that region of the
sandwich sheet that 1s to be welded. For example, the first
and the second eclectrode arrangement may, by way of
welding tongs or a welding robot, be subjected to a force in
the direction of the components to be welded.

The clamping arrangement i1s preferably designed for
making electrically conductive contact with the further
component on the side averted from the sandwich sheet, 1n
order for electrical contact between the clamping arrange-
ment and the further component to be realized simply by
fastening of the clamping arrangement.

The clamping arrangement i1s preferably designed for
making electrically conductive or electrically insulated con-
tact with the sandwich sheet on the side averted from the
turther component. In the case of electrically conductive
contact, 1t 1s for example possible for the first welding
clectrode to be connected in electrically conductive fashion
to the sandwich sheet by way of the clamping arrangement.
In the case of electrically insulated contact between the
clamping arrangement and the sandwich sheet, 1t 1s possible,
during the preheating, for undesired branch currents via the
sandwich sheet to be prevented.

It 1s preferable for multiple clamping arrangements to be
provided simultaneously for the relative fixing of the sand-
wich sheet and of the further component, wherein the first
clectrode arrangement for producing the respective welded
connection can make contact with 1n each case one clamping
arrangement via the respective electrically conductive con-
tacting region, such that the preheating current for heating
the respective sandwich sheet region to be welded can flow
via the respective clamping arrangement. In this way, the
welding electrodes can be moved efliciently from clamping
arrangement to clamping arrangement.

In one refinement of the device according to the present
disclosure, a stock of clamping arrangements 1s provided for
the selection of the clamping arrangement, and a positioning,
system 1s provided for the positiomng of the clamping
arrangement on the sandwich sheet and on the further
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component, whereby the method can achieve short cycle
times and high process reliability.

In one refinement of the device according to the present
disclosure, the clamping arrangement 1s designed such that
the second welding electrode, 1n particular an electrode cap
of the second welding electrode, can make direct contact
with the further component, whereby the second welding
clectrode can, 1n the conventional manner, be placed 1n
contact with the further component for the welding process.

The device 1s preferably designed such that the welding
current for the welding of the cover layers to the further
component flows between the first welding electrode and the
second welding electrode so as to bypass the clamping
arrangement, whereby the welding can, in the conventional
manner, be realized directly by way of the welding elec-
trodes.

In one refinement of the device according to the present
disclosure, the first electrode arrangement and the clamping
arrangement are designed such that the electrically conduc-
tive contacting region of the clamping arrangement can be
arranged between the first welding electrode and the sand-
wich sheet, and the first welding electrode, 1n particular an
clectrode cap of the first welding electrode, can make
contact with the electrically conductive contacting region of
the clamping arrangement. By means of the refinement of
the contacting region of the clamping arrangement, 1t 1s thus
possible to realize an adaptation of the welding process to
different regions of the components.

In one refinement of the device according to the present
disclosure, the electrically conductive contacting region of
the clamping device 1s 1n the form of a sliding contact for
making lateral contact with the first electrode arrangement,
in particular with the first welding electrode. It can be

achieved 1n this way that the first welding electrode can
make contact with the sandwich sheet in the conventional
manner.

In one refinement of the device according to the present
disclosure, the first electrode arrangement comprises a set-
down electrode which 1s connected in electrically conduc-
tive fashion to the first welding electrode and which 1s
designed for making contact with the electrically conductive
contacting region of the clamping arrangement. In this way,
the region to be welded and the region fixed by way of the
clamping arrangement may be arranged relative to one
another 1n a particularly flexible manner.

The electrically conductive contacting region of the
clamping arrangement 1s preferably mounted movably, 1n
particular by way of an elastic counterbearing, in the clamp-
ing arrangement, which may serve for the compensation of
eccentric introduction of force by the set-down electrode
into the clamping arrangement.

In one refinement of the device according to the present
disclosure, the electrically conductive contacting region of
the clamping device 1s designed for making contact with the
welding electrode of the first electrode arrangement in
positively locking fashion, whereby a large region of contact
between the first electrode arrangement and the contacting
region can be realized.

It 1s also the intention for corresponding means for
carrying out the method steps by way of examples of the
device to be disclosed. Likewise, by way of the disclosure of
means for carrying out a method step, 1t 1s the intention for
the corresponding method step to be disclosed.

With reference now to the figures, FIGS. 1a-c firstly show
a schematic sectional view of an example device 1 for
carrying out an example method, at different points in time.
FIG. 1a shows a sandwich sheet 2 with two metallic cover
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layers 4 and 5 and, arranged in between, a thermoplastic
maternal layer 6 that 1s to be welded to a further metallic
component 8, which 1n this case 1s 1n the form of a solid
sheet. The two components 2, 8 are placed 1nto the device 1
and are arranged between a first electrode arrangement 10
and a second electrode arrangement 20. The first electrode
arrangement 10 comprises a first welding electrode 12 with
a sleeve body 14 and an electrode cap 16. The second
clectrode arrangement 20 comprises a second welding elec-
trode 22 with a sleeve body 24 and an electrode cap 26. The
device furthermore comprises means for providing a weld-
ing current via the first welding electrode 12 and the second
welding electrode 22, said means being 1n the form of a
current source 30 and electrical lines 32. The current source
30 and the electrical lines 32 simultaneously serve as means
for providing a preheating current.

The device 1 furthermore comprises a clamping arrange-
ment 40 for the relative fixing of the sandwich sheet 2 and
of the further component 8. The clamping arrangement 40
has an electrically conductive contacting region 42 for the
contacting of the first electrode arrangement 10. The con-
tacting region 42 1s in this case provided by way of an
clectrically conductive contact element 44 that can be
arranged between the first welding electrode 12 and the
sandwich sheet 2. The clamping arrangement 40 1s 1n this
case m the form of a clamp with a first clamping arm 46,
which makes electrically conductive contact with the sand-
wich sheet 2 via the contact element 44, and a second
clamping arm 48, which makes electrically conductive con-
tact with the further component 8. Furthermore, the clamp-
ing arrangement 40 has a closing mechanism 50 such that
the clamping arms 46, 48 can engage around and fix the
components 2, 8. Here, the second clamping arm 48 1s, by
way of a recess 52, formed such that the second welding
clectrode 22 can still make direct contact with the further
component 8.

The device 1 furthermore comprises welding tongs or a
welding robot (not illustrated) which can exert a force on the
welding electrodes 12, 22 1n the direction of the compo-
nents.

FIG. 15 shows the device 1 during the preheating by way
ol the preheating current Iv, the path of which 1s illustrated
in FIG. 16 by the arrows. The preheating current flows via
the first welding electrode 12 of the first electrode arrange-
ment 10, the clamping arrangement 40, the further compo-
nent 8 and the second welding electrode 22 of the second
clectrode arrangement 20. The clamping arrangement 40 1s
designed to conduct the preheating current Iv. The clamping
arrangement can thus simultaneously be used as a current
bridge. Furthermore, the preheating current Iv does not need
to be conducted via the sandwich sheet 2, thus preventing
damage to the sandwich sheet 2. Owing to the electrical
resistance, 1 particular of the further component 8, or owing,
to the transition resistances, 1n particular between the further
component 8 and the second welding electrode 22, that
region of the sandwich sheet 2 which 1s to be welded 1s
heated by way of the preheating current Iv such that the
thermoplastic material layer 6 softens.

As 1llustrated 1n FIG. 1¢, the first welding electrode 12
exerts a force on the sandwich sheet 2 via the contact
clement 44, whereby the cover layers 4, 5 may be pressed
together. As a result of the cover layers 4, 5 being pressed
together, the thermoplastic material layer 6 1s displaced out
of the welding region. Subsequently, the cover layers 4, 5 are
welded to the further component 8 by way of a welding
current Is, the path of which is illustrated 1n FIG. 1¢ by the
arrows, via the first welding electrode 12 of the first elec-

10

15

20

25

30

35

40

45

50

55

60

65

10

trode arrangement 10 and the second welding electrode 22
of the second electrode arrangement 20. In this case, the
welding current Is flows via the contact element 44 of the
clamping arrangement 40.

FIG. 2 shows a perspective view of the clamping arrange-
ment 40 from FIG. 1. Here, 1t 1s possible in particular to see
the recess 52 that 1s adapted to the welding electrode 22, and
it 1s possible for the second welding electrode 22 to make
contact with the further component 8.

FIGS. 3a-c show a schematic sectional view of an
example device 1' for carrying out another example method.
By contrast to the device 1, the device 1' has a modified
clamping arrangement 40' for the relative fixing of the
sandwich sheet 2 and of the further component 8. The
clamping arrangement 40' has an electrically conductive
contacting region 42' for the contacting of the first electrode
arrangement 10. The contacting region 42' 1s provided by an
clectrically conductive contact element 44', which can make
lateral contact with the sleeve body 14 of the first welding
clectrode 12. The clamping arrangement 40' furthermore has
a damping element 54', which may for example comprise
clastic elements such as spring elements. In this way, a force
that 1s exerted by the welding electrode 12 on the contact
clement 44' 1n the direction of the arrow 38 for the purposes
ol better contacting can be compensated. The first clamping
arm 46' of the clamping arrangement 40 1n this case makes
contact with the sandwich sheet 2 i electrically insulated
fashion via the insulator 56'. The second clamping arm 48’
in turn makes contact with the further component 8 1n
clectrically conductive fashion.

Otherwise, the device 1' and the clamping arrangement
40' are of similar construction to those shown in FIG. 1, such
that reference 1s made to the description in that regard.

FIG. 3b shows the device 1' during the preheating by way
of the preheating current Iv, the path of which 1s 1n turn
illustrated by the arrows 1n FIG. 3b. The preheating current
Iv flows via the first welding electrode 12 of the first
clectrode arrangement 10, the clamping arrangement 40', the
further component 8 and the second welding electrode 22 of
the second electrode arrangement 20. The preheating current
Iv does not need to be conducted via the sandwich sheet 2.
As already described, that region of the sandwich sheet 2
that 1s to be welded 1s heated by way of the preheating
current Iv such that the thermoplastic material layer 6
softens.

As 1llustrated 1n FIG. 3¢, the first welding electrode 12
exerts a force directly on the sandwich sheet 2, whereby the
cover layers 4, 5 are pressed together. As a result of the cover
layers 4, 5 being pressed together, the thermoplastic material
layer 6 1s displaced out of the welding region. Subsequently,
the cover layers 4, 5 are welded to the further component 8
by way of a welding current Is, the path of which 1s
illustrated 1n FIG. 3¢ by the arrows, via the first welding
clectrode 12 of the first electrode arrangement 10 and the
second welding electrode 22 of the second electrode
arrangement 20. The electrode caps 16, 26 can, in a con-
ventional manner, for instance, make direct contact with the
components 2, 8 to be welded, such that no adaptation of the
welding parameters 1s required. In this case, the welding
current Is does not flow via the clamping arrangement 40'.

FIG. 4 shows a perspective view of the clamping arrange-
ment 40' from FIG. 3. Here, 1t can be seen that the electri-
cally conductive contact elements 44', or the contacting
region 42', may also be of two-part or split form. In this way,
it 1s for example possible for two welded connections to be
formed by way of one clamping arrangement.
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FIGS. 5a-c show a schematic sectional view of an
example device 1" for carrying out still another example
method. By contrast to the device 1', the device 1" has a
modified clamping arrangement 40" for the relative fixing of
the sandwich sheet 2 and of the further component 8.
Furthermore, the electrode arrangement 10" 1s supplemented
by an additional set-down electrode 19" that 1s connected in
clectrically conductive fashion to the sleeve shank 14 of the
first welding electrode 12 by way of the connecting element
18". The clamping arrangement 40" has an electrically
conductive contacting region 42" for the contacting of the
set-down electrode 19" of the first electrode arrangement
10". The contacting region 42" 1s provided by an electrically
conductive contact element 44". The clamping arrangement
40" furthermore has an elastic, non-conductive counterbear-
ing 38" that serves for the compensation of eccentrically
introduced forces of the set-down electrode 19". For the
clectrical connection of the contact element 44" and of the
first clamping arm 46", an electrically conductive bypass
clement 60" 1s also provided. The first clamping arm 46" of
the clamping arrangement 40" in turn makes contact with the
sandwich sheet 2 1n electrically insulated fashion by way of
an insulator 56". The second clamping arm 48" in turn
makes contact with the further component 8 1n electrically
conductive fashion.

Otherwise, the device 1" and the clamping arrangement
40" are of similar construction to those shown i FIGS. 1
and 3, such that reference 1s made to the description in that
regard.

FI1G. 56 shows the device 1" durning the preheating by way
of the preheating current Iv, the path of which 1s 1n turn
illustrated by the arrows 1n FIG. 5b. The preheating current
Iv tlows via the sleeve body 14 of the first welding electrode
12 of the first electrode arrangement 10", the set-down
clectrode 19", the clamping arrangement 40", the further
component 8 and the second welding electrode 22 of the
second electrode arrangement 20. The preheating current Iv
does not need to be conducted via the sandwich sheet 2. As
already described, that region of the sandwich sheet 2 that 1s
to be welded 1s heated by way of the preheating current Iv
such that the thermoplastic material layer 6 soitens.

As 1llustrated 1 FIG. S¢, the first welding electrode 12
exerts a force directly on the sandwich sheet 2, whereby the
cover layers 4, § are pressed together. As a result of the cover
layers 4, 5 being pressed together, the thermoplastic material
layer 6 1s displaced out of the welding region. Subsequently,
the cover layers 4, 5 are welded to the further component 8
by way of a welding current Is, the path of which 1s
illustrated 1n FIG. 3¢ by the arrows, via the first welding
clectrode 12 of the first electrode arrangement 10" and the
second welding electrode 22 of the second electrode
arrangement 20. The electrode caps 16, 26 can, 1n a con-
ventional manner, for instance, make direct contact with the
components 2, 8 to be welded, such that no adaptation of the
welding parameters 1s required. In this case, the welding
current Is does not flow via the clamping arrangement 40",

FIG. 6 shows a perspective view of the clamping arrange-
ment 40" from FIG. 5. Here, in particular, the bypass
clement 60" for the electrically conductive connection of the
contact element 44" to the first clamping arm 46" is 1llus-
trated.

FIGS. 7a-¢ show a schematic sectional view of an
example device 1" for carrying out another example
method. By contrast to the devices 1' and 1", the device 1™
has a modified clamping arrangement 40" for the relative
fixing of the sandwich sheet 2 and of the further component
8. The clamping arrangement 40'" has an electrically con-
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ductive contacting region 42" for the contacting of the
clectrode cap 16 of the first welding electrode 12 of the first
clectrode arrangement 10. The contacting region 42' is
provided by an electrically conductive contact element 44",
Here, the contact element 44' 1s designed for positively
locking connection to the electrode cap 16. For this purpose,
a recess 62' 1s provided 1n the contact element 44™, the
inner circumierential face of which forms the contacting
region 42", The contact element 44 may for example be 1n
the form of a contacting band. The contact element 44" 1s
separated from the sandwich sheet 2 by way of the insulator
56'"'. The first clamping arm 46" of the clamping arrange-
ment 40" makes contact with the sandwich sheet 2 likewise
in only electrically msulated fashion by way of the insulator
56'. The second clamping arm 48' 1n turn makes contact
with the further component 8 1n electrically conductive
fashion.

Otherwise, the device 1' and the clamping arrangement
40" are of similar construction to those shown 1n FIGS. 1,
3 and 5 respectively, such that reference 1s made to the
description 1n that regard.

FIG. 7b shows the device 1" during the preheating by way
of the preheating current Iv, the path of which 1s 1 turn
illustrated by the arrows 1 FIG. 7. The preheating current
Iv flows via the first welding electrode 12 of the first
clectrode arrangement 10, the clamping arrangement 40",
the further component 8 and the second welding electrode
22 of the second electrode arrangement 20. The preheating
current Iv does not need to be conducted via the sandwich
sheet 2. As already described, that region of the sandwich
sheet 2 that 1s to be welded 1s heated by way of the
preheating current Iv such that the thermoplastic material
layer 6 soitens.

As 1llustrated 1n FIG. 7¢, the first welding electrode 12
exerts a force directly on the sandwich sheet 2, whereby the
cover layers 4, 5 are pressed together. As a result of the cover
layers 4, 5 being pressed together, the thermoplastic material
layer 6 1s displaced out of the welding region. Subsequently,
the cover layers 4, 5 are welded to the further component 8
by way of a welding current Is, the path of which 1s
illustrated 1n FIG. 7¢ by the arrows, via the first welding
clectrode 12 of the first electrode arrangement 10 and the
second welding electrode 22 of the second electrode
arrangement 20. The electrode caps 16, 26 can, in a con-
ventional manner, for instance, make direct contact with the
components 2, 8 to be welded, such that no adaptation of the
welding parameters 1s required. In this case, the welding
current Is does not tlow via the clamping arrangement 40'".

FIG. 8 shows a partial plan view of the clamping arrange-
ment 40™ from FIG. 7. Here, 1t 1s possible to see the recess
62'" 1nto which the first welding electrode 12 can be intro-
duced 1n order to realize positively locking contacting of the
contacting region 42™.

What 1s claimed 1s:

1. A method for resistance welding a sandwich sheet to a
metallic component, wherein the sandwich sheet comprises
a thermoplastic material layer disposed between two metal-
lic cover layers, the method comprising:

using a clamping arrangement to secure the sandwich

sheet relative to the metallic component, the clamping
arrangement comprising a first arm and a second arm,
wherein the first arm comprises an electrically conduc-
tive contacting region;

heating a region of the sandwich sheet to be welded by

way ol a preheating current so as to soften the ther-
moplastic material layer, wherein a first electrode of a
first electrode arrangement directly contacts the elec-
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trically conductive contacting region of the clamping
arrangement so that the preheating current flows via a
brace or a clamp of the clamping arrangement and the
preheating current does not tlow wvia the sandwich
sheet;

compressing the two metallic cover layers 1n the region to

be welded so as to displace the thermoplastic material
layer out of the region; and

welding at least one of the two metallic cover layers to the

metallic component by way of a welding current via the
first welding electrode of the first electrode arrange-
ment and a second welding electrode of a second
clectrode arrangement.

2. The method of claim 1 wherein the clamping arrange-
ment makes electrically conductive contact with the metallic
component on a side opposite to the sandwich sheet.

3. The method of claim 1 wherein the clamping arrange-
ment makes electrically conductive contact or electrically
insulated contact with the sandwich sheet on a side opposite
to the metallic component.

4. The method of claim 1 further comprising using
multiple clamping arrangements simultaneously to secure
the sandwich sheet relative to the metallic component,
wherein the first electrode arrangement makes contact with
the clamping arrangement via the electrically conductive
contacting region of the clamping arrangement such that the
region of the sandwich sheet to be welded 1s heated by way
of the preheating current tlowing via the clamping arrange-
ment.

5. The method of claim 1 further comprising;:

selecting the clamping arrangement from a stock of

clamping arrangements; and

positioning the clamping arrangement on or about the

sandwich sheet and the metallic component with a
positioning system.

6. The method of claim 1 wherein an electrode cap of the
second welding electrode directly contacts the metallic
component.

7. The method of claim 1 wherein the welding current for
the welding of the at least one of the two metallic cover
layers to the metallic component tlows between the first
welding electrode and the second welding electrode-through
at least one of the two metallic cover layers and the metallic
component and bypasses the clamping arrangement.

8. The method of claim 1 further comprising arranging the
clectrically conductive contacting region of the clamping
arrangement between the first welding electrode and the
sandwich sheet, wherein an electrode cap of the first welding
clectrode contacts the electrically conductive contacting
region ol the clamping region.

9. The method of claim 1 wherein the electrically con-
ductive contacting region of the clamping device 1s config-
ured as a sliding contact that makes lateral contact with the
first welding electrode of the first electrode arrangement.

10. The method of claam 1 wherein the first electrode
arrangement comprises a set-down electrode that 1s electri-
cally connected to the first welding electrode and contacts
the electrically conductive contacting region of the clamping
arrangement.

11. The method of claim 10 further comprising movably
mounting the electrically conductive contacting region of
the clamping arrangement by way of an elastic counterbear-
ng.

12. The method of claim 1 wherein the first welding
clectrode contacts the electrically conductive contacting
region of the clamping arrangement 1n a positively locking

fashion.
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13. A device for resistance welding a sandwich sheet to a
metallic component, wherein the sandwich sheet comprises
a thermoplastic matenal layer disposed between two metal-
lic cover layers, the device comprising:

a first electrode arrangement including a first welding

electrode:

a second electrode arrangement 1ncluding a second weld-

ing electrode;

circuitry configured to generate and transmit a welding

current at least via the first welding electrode and the
second welding electrode for producing a welded con-
nection, wherein the circuitry 1s configured to generate
a preheating current for heating a region of the sand-
wich sheet to be welded, with the preheating current
capable of softening the thermoplastic material layer to
an extent that the thermoplastic material layer 1s dis-
placeable from the region when the two metallic cover
layers are compressed; and

a clamping arrangement for securing the sandwich sheet

relative to the metallic component, wherein the clamp-
ing arrangement comprises a first arm, a second arm,
and a closing mechanism, wherein the first arm com-
prises an electrically conductive contacting region that
directly contacts the first electrode arrangement and 1s
disposed between the first electrode arrangement and
one of the metallic layers, wherein the clamping
arrangement 1s configured to conduct the preheating
current generated by the circuitry, wherein the closing
mechanism secures the clamping arrangement around
the sandwich sheet and the metallic component, and
wherein the preheating current flows via a brace or
clamp of the clamping arrangement and does not tlow
via the sandwich sheet.

14. The device of claim 13 wherein the clamping arrange-
ment 1s selected from a stock of clamping arrangements,
wherein the device further comprises a positioning system
for positioning the clamping arrangement on or about the
sandwich sheet and the metallic component.

15. The device of claim 13 wherein a configuration of the
clamping arrangement permits an electrode cap of the sec-

ond welding electrode to directly contact the metallic com-
ponent.

16. The device of claim 13 wherein the first electrode
arrangement and the clamping arrangement are configured
such that the electrically conductive contacting region of the
clamping arrangement 1s positionable between the {irst
welding electrode and the sandwich sheet, wherein an elec-
trode cap of the first welding electrode contacts the electri-
cally conductive contacting region of the clamping arrange-
ment.

17. The device of claim 13 wherein the electrically
conductive contacting region of the clamping arrangement 1s
a shiding contact that makes lateral contact with the first
welding electrode of the first electrode arrangement.

18. The device of claim 13 wherein the first electrode
arrangement comprises a set-down electrode that 1s electri-
cally connected to the first welding electrode and 1s config-
ured to contact the electrically conductive contacting region
of the clamping arrangement.

19. The device of claim 13 wherein the electrically
conductive contacting region of the clamping device 1is
configured to contact the first welding electrode of the first
clectrode arrangement 1n a positively locking fashion.

20. The method of claim 1, wherein the clamping arrange-
ment comprises a first arm 1n contact with a top face of the
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sandwich sheet and a second arm 1n contact with an oppos-
ing bottom face of the metallic component.
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